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Received 29 July 2004; accepted 29 December 2004AbstractPhylogenetic relations among tanaidacean genera within ‘Akanthophoreinae’ are addressed using computer-assisted
parsimony methods. The morphology-based analysis includes 10 well-deﬁned and described genera: Araphura,
Chauliopleona, Collettea, Paragathotanais, Metagathotanais, Paraleptognathia, Paranarthrura, Portaratrum, and
Tanaella in Tanaidomorpha, and Glabroapseudes in Apseudomorpha as the outgroup. Chauliopleona and
Paraleptognathia form a monophylum; Portaratrum cannot be placed in any known family. These three genera are
considered as incertae sedis. The analysis does not support the monophyly of ‘Akanthophoreinae’, and further
questions the monophyly of Tanaellidae.
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The phylogeny of the order Tanaidacea is poorly
understood, complex and confusing, and systematic
interpretations have changed often in recent times. Karl
Lang once stated: ‘the Tanaidacea are the most difﬁcult
among the difﬁcult Crustacea’ (Sieg 1973), which reﬂects
the situation in the order and might be the reason why
there are so few students of Tanaidacea. The systematics
of the Tanaidacea have improved with the works of
Lang and Ju¨rgen Sieg. Many other workers have
contributed with descriptions of families or species
(Bacescu 1975; Kudinova-Pasternak 1978), and espe-
cially the works of Gutu (1972, 1980, 1981) havee front matter r 2005 Gesellschaft fu¨r Biologische Systemat
e.2004.12.005
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mmritz).improved the knowledge of the Apseudomorpha. Based
on a phylogenetic study, Sieg (1984) reconstructed the
ground plan of the Tanaidacea, and postulated the
possible ancestor of all Tanaidacea. This was the ﬁrst
detailed phylogenetic study of the Tanaidacea and
demonstrated the monophyly of the taxon. More recent
studies have been based on this work. Gutu and Sieg
(1999) summarized the presently accepted systematic
arrangement, which recognizes four suborders and 25
families. The four suborders are: the fossil Anthracocar-
idomorpha Sieg, 1980 (with two families); the recent
Apseudomorpha Sieg, 1980 with two superfamilies,
Jurapseudoidea (extinct) and Apseudoidea (12 families);
Neotanaidomorpha Sieg, 1980 (one family); and Tanai-
domorpha Sieg, 1980 with three superfamilies, Cretita-
naoidea (extinct), Paratanaidoidea (seven families) and
Tanaidoidea (one family). The Paratanaidoidea com-
prise the bulk of the known Tanaidacea. This suborderik. Published by Elsevier GmbH. All rights reserved.
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Anarthruridae Lang, 1971 with three subfamilies,
Akanthophoreinae Sieg, 1986, Anarthrurinae Lang,
1971, and Leptognathinae Sieg, 1973. Based on his
examinations of deep-sea material, Sieg (1986) con-
cluded that the Akanthophoreinae is one of the most
important subfamilies in the deep sea, and he expected
that most deep-sea species yet to be discovered would
belong to this subfamily.
Akanthophoreinae is deﬁned by the combination of
four articles on the antennule, six articles on the
antenna, a pars molaris not acute with terminal spines,
the carpus of pereopod 1 carrying a strong seta, the
dactylus on pereopods 4–6 with a groove bordered by
spinules, pleopods present or absent, mono- or bira-
mous uropods, the marsupium with four oostegites and
strong sexual dimorphism, and reduced mouthparts in
the male (Sieg 1986).
Larsen and Wilson (1998) found inconsistencies in the
Akanthophoreinae and had doubts about the validity of
the subfamily. Larsen and Wilson (2002) presented a
phylogenetic analysis of the superfamily Paratanaidoi-
dea using computer-assisted parsimony methods, and
proposed a new systematics for the superfamily. Their
analysis included 81 of the 88 genera recognized in
Paratanaidoidea; the remaining seven genera were
considered insufﬁciently described. The families wereTable 1. Genera in Akanthophoreinae Sieg, 1986 and their system
Tanaellidae
Larsen & Wilson, 20
Akanthophoreus Sieg, 1986
Andrognathia Sieg, 1983
Araphura Bird & Holdich, 1984 X
Araphuroides Sieg, 1986 X
Arthrura Kudinova-Pasternak, 1966 X
Chauliopleona Dojiri & Sieg, 1997
Collettea Lang, 1973
Filitanais Kudinova-Pasternak, 1973
Haplocope G.O. Sars, 1882
Latitanais Kudinova-Pasternak, 1987
Leptognathiella Hansen, 1913
Leptognathioides Bird & Holdich, 1984
Libanius Lang, 1971
Macrinella Lang, 1971
Mimicarhaphura Sieg, 1986
Nematotanais Bird & Holdich, 1985
Paraleptognathia Kudinova-Pasternak, 1981
Robustochelia Kudinova-Pasternak, 1983
Safaritanais Kudinova-Pasternak 1987
Scoloura Sieg & Dojiri, 1991
Stenotanais Bird & Holdich, 1984
Tanabnormia Gutu, 1986
Tanaella Norman & Stebbing, 1886 Xrediagnosed, and the Anarthruridae split into four
families: Anarthruridae, Agathotanaididae, Colletteidae
and Tanaellidae. The monophyly of the families
Paratanaidae, Pseudotanaididae, Nototanaididae and
Agathotanaididae was corroborated; however, 21 gen-
era were not assigned to any family but considered as
incertae sedis.
The subfamily Akanthophoreinae, originally com-
posed of 23 genera, was split by Larsen and Wilson
(2002): 12 genera were assigned to other families,
and 11 were considered as incertae sedis (Table 1).
Two of these uncertainly placed genera, Chauliopleona
Dojiri & Sieg, 1997 and Paraleptognathia Kudinova-
Pasternak, 1981, have been revised since (Guerrero-
Kommritz 2004, 2005). The results showed that
Akanthophoreus Sieg, 1986 is synonymous with Para-
leptognathia (Guerrero-Kommritz 2004), and that
Chauliopleona is not monotypic (Guerrero-Kommritz
2005). The present work analyses the phylogenetic
relations of Chauliopleona, Paraleptognathia and the
genus Portaratrum Guerrero-Kommritz, 2003 with
other well-established tanaidacean genera such as
Metagathotanais Bird & Holdich, 1988, Paragathotanais
Bird & Holdich, 1988, Paranarthrura Hansen, 1913,
Collettea Lang, 1973, and TanaellaNorman & Stebbing,
1886. Another aim of this study is to test the validity of
Akanthophoreinae.atic position after Larsen and Wilson (2002)
Colletteidae Pseudotanaidae Incertae sedis
02 Larsen & Wilson, 2002 Sieg, 1986
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X
X
X
X
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X
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Fig. 1. Schematic whole-body lateral views (not drawn to
scale) of Tanaidacea included in the present study. (a)
Glabroapseudes larseni Guerrero-Kommritz and Heard, 2003;
(b) Portaratrum afer Guerrero-Kommritz, 2003; (c) Chaulio-
pleona sp.; (d) Collettea pegmata Bamber, 2000 (modiﬁed from
Bamber 2000); (e) Paraleptognathia longiremis (Lilljeborg,
1864); (f) Tanaella eltaninae Guerrero-Kommritz and B"az˙e-
wicz-Paszkowycz, 2004 (modiﬁed from Guerrero-Kommritz
and B"az˙ewicz-Paszkowycz 2004); (g) Metagathotanais loerzae
Guerrero-Kommritz, 2003; (h) Paragathotanais insolitus Guer-
rero-Kommritz, 2003; (i) Araphura sp., (j) Paranarthrura
angolensis Guerrero-Kommritz, Schmidt and Brandt, 2002.
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Taxa chosen
Due to the inconsistencies found and the splitting of
Akanthophoreinae by Larsen and Wilson (1998, 2002),
as well as to the synonymization of the type genus
Akanthophoreus with Paraleptognathia (Guerrero-Kommritz 2004), monophyly of Akanthophoreinae
was very doubtful. To test for this, and to clarify
relationships among some potentially related genera, 10
well-deﬁned and well-described deep-sea genera from
the Atlantic Ocean were studied; some of which had
been considered as incertae sedis (Fig. 1). The type
species, if possible, and as many species of the 10 genera
as possible were studied (Table 2). The genera Chaulio-
pleona, Glabroapseudes Guerrero-Kommritz and Heard,
2003, and Portaratrum had not been included in
phylogenetic analysis before.Ingroup taxa
Ingroup taxa examined are: Araphura, Chauliopleona,
Collettea, Metagathotanais, Paragathotanais, Paralep-
tognathia, Paranarthrura, Portaratrum and Tanaella.
Araphura, Chauliopleona, Collettea, Paraleptognathia
and Tanaella were considered representatives of the
Akanthophoreinae, and were used to test the mono-
phyly of this subfamily.
Metagathotanais, Paragathotanais and Paranarthrura
belong to the well-deﬁned, monophyletic family Agatho-
tanaididae, and were analysed for possible phylogenetic
relations to the genera of uncertain position.
Chauliopleona was not included in the phylogenetic
analysis of Larsen and Wilson (2002) because only poor
descriptions were available at the time.
Paraleptognathia ( ¼ Akanthophoreus) is the type
genus of the Akanthophoreinae; its systematic position
is unclear.
Portaratrum has an ambiguous position within the
Tanaidomorpha, and was provisionally placed in the
Colletteidae. The genus was not examined in previous
phylogenetic analyses.
Collettea was revised by Larsen (2000). Larsen and
Wilson (2002) designated it as the type genus of
Colletteidae.
Tanaella and Araphura belong to the family Tanaelli-
dae. A revision of Tanaella, the type genus of the family,
was presented by Larsen and Heard (2004).Outgroup taxa
The deep-sea genus Glabroapseudes, a member of the
Apseudomorpha from the Angola Basin, was chosen as
the outgroup. Although Glabroapseudes exhibits some
derived characters it is a typical representative of deep-
sea apseudomorphs. The Apseudomorpha display the
most plesiomorphic characters of the Tanaidacea (Lang
1953; Gardiner 1975; Sieg 1980; Kudinova-Pasternak
1985; Larsen and Wilson 2002). Consequently, Apseu-
domorpha was used to root the tree.
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Table 2. Species analysed
Taxa Taxonomic authorship Source of data
Glabroapseudes larseni Guerrero-Kommritz & Heard, 2003 Type material ZMH
Magotanais loerzae Guerrero-Kommritz, 2003 Type material ZMH
Paragathotanais insolitus Guerrero-Kommritz, 2003 Type material ZMH
Paranarthrura angolensis Guerrero-Kommritz, Schmidt & Brandt, 2002 Type material ZMH
Portaratrum afer Guerrero-Kommritz, 2003 Type material ZMH
Chauliopleona dentata Dojiri & Sieg, 1997 Type material ZMB
Chauliopleona amdrupii Hansen, 1913 Type material ZMC
Chauliopleona armata Hansen, 1913 Type material ZMC
Chauliopleona hastata Hansen, 1913 Type material ZMC
Chauliopleona sp. 1 Material ZMH
Chauliopleona sp. 2 Material ZMH
Chauliopleona sp. 3 Material ZMH
Paraleptognathia alba Hansen, 1913 Type material ZMC
Paraleptognathia antarctica Vanho¨ffen, 1914 Material ZMH
Paraleptognathia australis Beddard, 1886 Material ZMH
Paraleptognathia benguela Guerrero-Kommritz, 2004 Type material ZMH
Paraleptognathia brachiata Hansen, 1913 Type material ZMC
Paraleptognathia fastuosa Guerrero-Kommritz, 2004 Type material ZMH
Paraleptognathia gracilis Kroyer, 1842 Material ZMH
Paraleptognathia inermis Hansen, 1913 Type material ZMC
Paraleptognathia longiremis Liljeborg, 1864 Material ZMH
Paraleptognathia multiserrata Hansen, 1913 Type material ZMC, ZMB
Paraleptognathia multiserratoides Guerrero-Kommritz, 2004 Type material ZMH
Paraleptognathia tenuichela Guerrero-Kommritz, 2004 Type material ZMH
Paraleptognathia weddellensis Sieg, 1986 Material ZMH
Tanella profunda Guerrero-Kommritz & B"az˙ewicz-Paszkowycz, 2004 Type material ZMH
Tanaella kimi Guerrero-Kommritz & B"az˙ewicz-Paszkowycz, 2004 Type material ZMH
Tanaella eltaninae Guerrero-Kommritz & B"az˙ewicz-Paszkowycz, 2004 Type material NMNH
Araphura higginsi Sieg & Dojiri, 1989 Type material NMNH
Araphura sp. Material ZMH
Collettea sp. Material ZMH
Abbreviations: NMNH, US National Museum of Natural History; ZMB, Natural History Museum Berlin; ZMC, Zoological Museum University of
Copenhagen; ZMH, Zoological Museum Hamburg
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Data were obtained from at least three individuals,
and from up to 20 if enough material was available.
For the cladistic analysis, 420 morphological char-
acters were originally investigated. For most of the
species one of the sexes is unknown. In most cases the
male is undescribed and therefore cannot be identiﬁed
properly; conversely, in Glabroapseudes the female is
unknown. For this reason, we excluded sex-dependent
characters in addition to those seen as uninformative or
problematic. Out of the remaining 120 characters, a
further 40 proved to be uninformative among the species
investigated. Another 40 were found not to be diag-
nostic at generic level. For the remaining 40 morpho-
logical characters, a database was established using the
Description Language for Taxonomy (DELTA) soft-
ware (Dallwitz et al. 1997). Among these 40 characters,
24 were coded as binary, 11 had three states, and ﬁve
characters had either four or ﬁve states (Appendix A).Character descriptions
In the following explanation of characters, numbers in
brackets correspond to those in the left-hand column of
Table 3.
Apseudomorpha characters refer especially to the
genus Glabroapseudes.Body
The cuticula of Tanaidacea shows various degrees of
sclerotization. Most Tanaidacea have modestly sclerotized,
ﬂexible bodies, whereas in some deep-sea genera the
cuticula is rigidly inﬂexible and strongly sclerotized, e.g. in
Metagathotanais or Paragathotanais (1). The body shape
of Tanaidacea is adapted to their benthic lifestyle. In many
species the body is dorsoventrally ﬂattened and ovoid in
cross-section; cylindrical cross-sections occur in only a few
genera (2). Although the body shape of many Tanaidacea
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Table 3. Characters and character states used in the cladistic analysis; CI ¼ consistency index
Characters and character states CI
1 Body cuticula sclerotization: (1) medium; (2) heavy 0.500
2 Body form: (1) dorsoventrally ﬂattened; (2) cylindrical 0.500
3 Pereon: (1) smooth; (2) angular 0.500
4 Pleon: (1) as wide as pereon; (2) narrower than pereon; (3) wider than pereon; (4) tapering to pleotelson 1.000
5 Pleonites: (1) free; (2) fused 1.000
6 Ventral apophysis on pleonite 5: (1) absent; (2) directed downwards; (3) directed backwards 1.000
7 Pleotelson form: (1) shorter than last three pleonites; (2) longer than last three pleonites 1.000
8 Antennule composed of: (1) at most ﬁve articles; (2) more than ﬁve articles 1.000
9 Antenna composed of: (1) six articles; (2) fewer than six articles; (3) more than six articles 1.000
10 Mandibular palp: (1) present; (2) absent 1.000
11 Lacinia mobilis: (1) complex; (2) simple; (3) absent 1.000
12 Pars molaris: (1) broad; (2) with terminal spinules; (3) reduced 1.000
13 Maxillula endite setulation: (1) present; (2) absent 0.500
14 Maxillula with: (1) one endite; (2) two endites 1.000
15 Maxillula palp terminal ﬁlaments: (1) one; (2) two; (3) more than two 1.000
16 Labium lobes: (1) free; (2) fused 1.000
17 Labium: (1) with palp; (2) naked 1.000
18 Maxilla: (1) with palp and endites; (2) simple 1.000
19 Maxilliped basis: (1) fused; (2) not fused 1.000
20 Maxilliped basis: (1) with seta; (2) naked 0.333
21 Maxilliped endites: (1) naked; (2) with setae; (3) with tubercles; (4) with setae and tubercles 0.600
22 Maxilliped article 2 with: (1) only internal setae; (2) internal and external setae; (3) only external setae 1.000
23 Cheliped attachment: (1) via sclerite; (2) via sclerite with groove; (3) ventral direct to cephalothorax; (4)
via pseudocoxa
1.000
24 Cheliped exopod: (1) present; (2) absent 1.000
25 Cheliped carpus carpal shield: (1) absent; (2) present 1.000
26 Fixed ﬁnger ventral setae: (1) one; (2) two; (3) more than two 0.667
27 Pereopods 1-3: (1) with coxae; (2) without coxae 0.500
28 Pereopods 4-6: (1) with coxae; (2) without coxae 0.500
29 Pereopod 1 exopod: (1) present; (2) absent 1.000
30 Pereopod 1 merus setation with: (1) one long spiniform seta; (2) one short spiniform seta; (3) two
spiniform setae; (4) many setae; (5) no setae
0.600
31 Pereopod 1 carpus spiniform setae: (1) one; (2) two; (3) three or more 0.500
32 Cheliped merus: (1) fully developed; (2) reduced 1.000
33 Pereopod 1 propodus setation with: (1) one long spiniform seta; (2) one short spiniform seta; (3) three or
more spiniform setae; (4) no setae
1.000
34 Pereopod 1 dactylus: (1) simple and sharp; (2) strong with ventral spinules 1.000
35 Pereopod 4 dactylus: (1) simple and sharp; (2) with ventral groove bordered by spinules; (3) with spines 0.667
36 Uropod: (1) composed of many articles; (2) fused into one article 1.000
37 Uropod basal article: (1) simple; (2) with lateral projection 1.000
38 Uropod exopod: (1) free; (2) fused to basal article 0.33
39 Uropod exopod: (1) polyarticulate; (2) monoarticulate; (3) absent 0.500
40 Free uropod endopod: (1) polyarticulate; (2) monoarticulate; (3) absent 0.667
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pereopod shoulders on the pereonites, as in the genus
Paranarthrura and in many apseudomorphs (3). The width
of the pleon varies in many taxa. In most genera of
Tanaidomorpha, the pleon is as wide as the pereon, in
others it is narrower, whereas in a few genera such as
Collettea it is wider than the pereon. In the Apseudomor-
pha, it is common to be as wide as or narrower than the
pereon (4). The pleonites are commonly free, but they can
be fused. The latter condition occurs in the Apseudomor-
pha and some Tanaidomorpha such as Metagathotanais,Agathotanais and Anarthrura (5). Among Tanaidacea,
ventral apophyses are common on the pereon, but
uncommon on the pleon, though present in Chauliopleona
and Portaratrum (6). The pleotelson is in general shorter
than the last three pleonites combined; in Collettea the
pleotelson is usually longer (7).
Antennule and antenna
The antennule of Tanaidomorpha is composed of
four articles in females and up to seven in males; in the
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(considering only the inner ﬂagellum and the peduncle)
(8). The antenna in Tanaidomorpha is composed of six
or fewer articles, in the Apseudomorpha of more than
seven articles (9).Mouthparts
Mouthparts are reduced in the Tanaidomorpha. The
mandibular palp is present in Apseudomorpha and
absent in Tanaidomorpha (10). The lacinia mobilis is
present on both mandibles in Apseudomorpha, and is
composed of cuticular plates and setae; in Tanaidomor-
pha it is present only on the left mandible, and
composed of a plate with terminal denticles or a spine-
like structure; in Metagathotanais it is completely
reduced (11). The pars molaris is broad in some taxa
and possesses a broad surface, in other taxa it is slender
and ends in several spinules, in some it is acute or
reduced (12). The maxillule endite of the Tanaidacea is
covered with ﬁne setules in most species, but setules can
also be absent (13). The maxillule is simpliﬁed with only
one endite in Tanaidomorpha, whereas in Apseudomor-
pha two endites are present (14). The maxillule palp is
present in Apseudomorpha and carries numerous
terminal setae, whereas in Tanaidomorpha only one or
two setae are present (15). The labium is composed of
two lobes in Apseudomorpha, fused in Tanaidomorpha
(16); a palp is present in Apseudomorpha, absent in
Tanaidomorpha (17). The maxilla in the Apseudomor-
pha has both palp and endites; the Tanaidomorpha do
not have these structures (18). The maxilliped bases are
fused in the Tanaidomorpha; in the Apseudomorpha the
bases are free, and in some genera the bases are held
together by coupling hooks (19). On the maxilliped basis
a number of setae can be present or absent, a species-
diagnostic character (20). The setation of the maxilliped
endites varies among the genera, and may include
various kinds of setae or other special structures such
as tubercles (21). The setation of maxilliped article
2 also varies, involving internal setae, external setae, or
both (22).Cheliped
The cheliped attachment provides information about
the motility of the cheliped. There are various forms of
insertion: via a simple side piece (called sclerite), with a
groove around the insertion, with side pieces between
the basis and cephalothorax, or in some genera like
Paranarthrura with the basis fused to the cephalothorax
(23). The Apseudomorpha possess a cheliped exopod,
which is missing in the Tanaidomorpha (24). The merus
of the cheliped is fully developed in the Apseudomor-
pha, reduced in the Tanaidomorpha (32). The carpus ofthe cheliped is expanded ventrally in Paraleptognathia
and Chauliopleona, forming a kind of shield (25).
The ﬁxed ﬁnger of the chela bears a large number of
ventral setae in Apseudomorpha, but only one or two in
Tanaidomorpha (26).Pereopods
The ﬁrst three pereopods often possess coxae; in some
genera of Tanaidomorpha these are reduced (27). The
reduction of coxae can also be observed on pereopods
4–6 (28). Pereopod 1 in Apseudomorpha bears an
exopod; the Tanaidomorpha lack this structure (29).
The number of spiniform setae of pereopod 1 on the
merus (30) and on the carpus (31) varies from none to
one or up to three or more, the setae can be short or
long. The setation of the propodus is very prominent
and abundant in Apseudomorpha, scarce in the
Tanaidomorpha (33). The dactylus on pereopod 1 can
be smooth, long and slender, or bear spinules (34); on
pereopod 4 the dactylus can be simple and sharp,
have strong spines, or a ventral groove bordered by
spinules (35).Uropods
The uropod is composed of a basal article with
an exopod and an endopod. It can be composed of
many articles or be fused into only one article (36).
The basal article is simple and smooth, or in some
genera with a lateral projection (37). The exopod can be
fused to the basal article, or be free (38); if it is free,
it can be polyarticulate or monoarticulate (39). The
endopod can be polyarticulate, monoarticulate, or
absent (49).Analysis
A data matrix (nexus ﬁle) was generated from the
DELTA database for input in PAUP 4.10, beta version
(Swofford 1998). All characters were unordered and
treated as having equal weight. A heuristic search
(hsearch) was initiated, a treespace search using tree
bisection and reconnection with randomized addition
of taxa (addseq ¼ random), and 1000 replications
were completed with setting branch options on a
maximum of three trees (nchuck ¼ 3, Chuckscore ¼ 1
nreps ¼ 1000 randomize ¼ trees). Branches of resulting
trees were then swapped in a second search retaining all
minimum length trees (hsearch ¼ current nchuck ¼ 0
chuckscore ¼ 0). Character state optimization: acceler-
ated transformation (ACCTRAN). Trees were drawn
using TreeView 1.6.6 (Page 1996).
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Table 4. Clades and taxa deﬁned by characters, character–state op
Clade or taxon Characters and states in transformations
Outgroup taxon,
Glabroapsuedes
2142, 3142, 8142, 9143, 10241, 11241, 141
29241, 30144, 32241, 33243, 34142, 35241
Clade 1 23142, 31342
Clade 2 40142
Araphura 30142,37142, 38142
Clade 3 12142, 20142, 21441
Clade 4 2142,13142, 22241, 23243, 27142
Clade 5 25142, 39341
Portaratrum 6142, 33241, 39342
Clade 6,
Agathotanaididae
1142, 4142, 12243, 26241, 35241, 38142, 4
Metagathotanais 5142, 11243, 13241, 15241, 31243, 36142,
Clade 7 3142, 21142, 30142, 37142
Paragathotanais 9142, 16142, 21243, 30245
Paranarthura 23344, 27241, 28241
Chauliopleona 6143, 21144
Paraleptognatia 20241
Collettea 4143, 7142, 20142, 22243, 26241, 30142, 3
Tanaella 38142
Fig. 2. Most parsimonious tree (tree length 78, CI ¼ 0.7436)
resulting from parsimony analysis of the data presented in
Appendix A. Plain numbers denote nodes referred to in the
text, numbers in boxes are bootstrap values.
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The analysis of 40 characters studied in 31 species of
10 genera revealed that 18 characters were parsimony-
uninformative (12 are outgroup-resolving characters),
and 22 characters are informative. The total number of
rearrangements tried was 286; only one tree was
retained, with a tree length of 78. The relatively high
consistency index (CI ¼ 0.7436) and low homoplasy
index (HI ¼ 0.2564) show that few homoplasies are
present in the data.
The CI, excluding uninformative characters, is 0.6296;
the HI, excluding uninformative characters, is 0.3704.
The retention index is 0.6364. The rescaled consistency
index is 0.4732. Bootstrap values at 100 replicates are
low: 59 for clade four, 48 for clade ﬁve, 77 for clade six,
and 84 for clade seven.
The clades are deﬁned by the following apomorphies
(Table 4):
The outgroup taxon, Glabroapseudes, is deﬁned by a
dorsoventrally ﬂattened body shape, pereon with
shoulders, antennule composed of more than ﬁve
articles, antenna composed of more than six articles,
mandibular palp present, lacinia mobilis complex,
maxillule with two endites, maxillule palp with more
than two terminal ﬁlaments, labium with palp, maxilla
with palp and endites, maxilliped basis divided, max-
illiped endites with setae, cheliped exopod present, ﬁxed
ﬁnger with more than three ventral setae, pereopods 4–6
with coxae, pereopod 1 exopod present, pereopod 1
merus setation with many setae, cheliped merus fully
developed, pereopod 1 propodus setation with three ortimisation ACCTRAN
42, 15243, 17241,18241, 19142, 21442, 24241, 26243, 28243,
, 39341
0142
40243
5143, 39342
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ventral spinules, pereopod 4 dactylus simple and sharp,
free uropod exopod polyarticulate.
Among ingroup taxa, Clade 1 is deﬁned by a cheliped
attachment via sclerite with groove, and pereopod 1
carpus setation with two spiniform setae.
Clade 2 is deﬁned by a free uropod with a
monoarticulate endopod.
Araphura is deﬁned by pereopod 1 merus with one
short spiniform seta, the basal article of the uropod with
a lateral projection, and a uropod exopod fused to the
basal article.
Clade 3 is deﬁned by a pars molaris with terminal
spinules, a maxilliped with a naked basis, and naked
maxilliped endites.
Clade 4 is deﬁned by a cylindrical body shape, a
reduced setulation on the maxillule endite, a maxilliped
article 2 with only internal setae, a cheliped attachment
ventrally, direct to the cephalothorax, and by pereopods
1–3 without coxae.
Clade 5 is deﬁned by a cheliped carpus with a carpal
shield, and a free uropod with a polyarticulate exopod.
Portaratrum is deﬁned by the ventral aphophysis on
pleonite 5 being directed downwards, a setation of
pereopod 1 propodus with one long spiniform seta, and
a free uropod with monoarticulate exopod.
Clade 6 (Agathotanaididae) is deﬁned by heavy
cuticular sclerotization, a pleon that is narrower than
the pereon, a reduced pars molaris, a ﬁxed ﬁnger with
one ventral setae, the simple and sharp pereopod 4
dactylus, the uropod exopod fused to the basal article,
and a free uropod with monoarticulate endopod.
Metagathotanais is deﬁned by fused pleonites, a
reduced lacinia mobilis, setulation on the maxillule
endite, and a maxillule palp with one terminal ﬁlament.
The pereopod 1 carpus bears three or more spiniform
setae, the uropod is fused into one article, and the
uropod endopod is absent.
Clade 7 is deﬁned by an angular pereon, maxilliped
endites with setae, a pereopod 1 merus with one short
spiniform seta, and a basal uropod article with a lateral
projection.
Paragathotanais is deﬁned by an antenna composed of
fewer than six articles, fused labium lobes, maxilliped
endites with tubercles, and a pereopod 1 merus without
setae.
Paranarthrura is deﬁned by a cheliped attachment via
a pseudocoxa, pereopods 1–3 with coxae, and pereopods
4–6 with coxae.
Chauliopleona is deﬁned by the ventral aphopysis on
pleonite 5 being directed caudally, and by a maxilliped
endite with setae and tubercles.
Paraleptognathia is deﬁned by a maxilliped basis
bearing setae.
Collettea is deﬁned by a pleon which is wider than the
pereon, a pleotelson longer than the last three pleonites,a maxilliped basis with setae, the second maxilliped
article with only external setae, a ﬁxed ﬁnger with one
ventral seta, the merus of pereopod 1 with one short
spiniform seta, dactylus of pereopod 4 with spines, and a
monoarticulate free uropod exopod.
Tanaella is deﬁned by a uropod exopod fused to the
basal article.Discussion
Characters
The biggest problem in the present study was to
obtain phylogenetically informative characters for the
taxa included. Originally, 420 potential characters were
investigated for 31 species. After careful examination of
character information, only 40 characters were left for
phylogenetic analysis. In general, sex-related characters
cannot be used in most of the Tanaidacea. Some species
are considered hermaphroditic (Lang 1953) or parthe-
nogenetic (Sieg 1984). Others are sexually dimorphic,
sometimes to a great extent (Lang 1973); e.g. in species
of the Leptognathiidae and Anarthruridae the males
have reduced mouthparts (Sieg 1984; Larsen and Wilson
2002), in other groups lower degrees of sexual dimorph-
ism occur (Larsen 2002; Larsen and Heard 2004).
Moreover, for many of the studied species the males
are not known, or very rarely found, as in Paraleptog-
nathia (Guerrero-Kommritz 2004). Conversely, there
also are species of which only the males are known
(Guerrero-Kommritz and Heard 2003).
Cuticular sclerotization is modest and ﬂexible in most
of the Tanaidacea. Some deep-sea genera, however, have
a very heavy and strong body sclerotization, and it is
assumed that it has developed independently in different
taxa (Larsen and Wilson 2002). No correlation between
substrate and sclerotization has been found, whereas the
benthic lifestyle of most Tanaidacea has an inﬂuence on
their body shape (Sieg 1984; Gutu and Sieg 1999), which
is mostly ‘worm-like’ and cylindrical or ovoid in cross
section (Sieg 1984).
The presence or absence of eyes is a character used in
previous analyses (Sieg 1984; Larsen and Wilson 2002),
but has turned out not to be a useful character because
the deep-sea taxa studied all lack visual elements.
Body ornamentation, e.g. with spines, is common in
the Apseudomorpha (Gutu and Sieg 1999) but almost
absent in the Tanaidomorpha. No reduction of pereo-
nites was observed in our taxa. Pereopod shoulders are
common in the Apseudomorpha and also present in
tanaidomorph genera like Paranarthrura (Guerrero-
Kommritz et al. 2002; Gutu and Sieg 1999).
In the Apseudomorpha and Tanaidomorpha, the
pleon is as wide as the pereon, or sometimes it tapers
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Collettea, the pleon is wider than the pereon (Larsen
2000). This character is considered to be phylogeneti-
cally informative (Larsen and Wilson 2002).
Larsen and Wilson (2002) distinguished ﬁve degrees
of fusion of the pleonites. We only recognize two states,
fused or free (Sieg 1984), because we only have one
taxon with fused pleonites, Metagathotanais. This
character is uninformative in our study.
The presence of ventral apophyses on the pereon is
common in the Tanaidacea and is regarded as a variable
character (Lang 1953; Guerrero-Kommritz et al. 2002).
In our study it turned out to be uncommon, being
present only in Portaratrum, Chauliopleona and Leptog-
nathia tuberculata Hansen, 1913. We consider it to have
evolved independently in Portaratrum and Chauliopleo-
na, and assume the same for L. tuberculata, but that
must be tested.
In most tanaidaceans, the pleotelson is shorter and
smaller than the last three pleonites combined. The
pleotelson of Collettea, however, is wider and longer
than the last three pleonites combined (Larsen 2000);
this character easily distinguishes the genus.
The antennule of Tanaidomorpha is composed of
three or four articles in females, up to seven in adult
males, and ﬁve in preparatory males (Hansen 1913;
Guerrero-Kommritz 2004). However, in some genera,
e.g. Collettea, there are ﬁve articles, although that can
only be recognized by scanning electron microscopy
(Larsen 2000). In the Apseudomorpha, the antennule is
composed of six or more articles (Sieg 1984). This is an
outgroup-resolving character.
The antenna in the Apseudomorpha is composed of a
peduncle with ﬁve articles and a polyarticulate ﬂagellum.
The antenna in the Tanaidomorpha is composed of six or
fewer articles (Sieg 1984; Gutu and Sieg 1999). This is
another outgroup-resolving character in our analysis.
Simpliﬁcation and reduction of mouthparts occur in
many genera of Tanaidomorpha. The mandible with its
different structures is important for taxonomic work.
The presence or absence of the mandibular palp is used
to distinguish the Apseudomorpha (palp present) from
the Tanaidomorpha (palp absent); therefore, it is
considered a good outgroup-resolving character (Sieg
1984; Gutu and Sieg 1999; Larsen and Wilson 2002) in
our analysis as well.
The lacinia mobilis is present on both mandibles in
the Apseudomorpha, and is composed of cuticular
plates and setae. In the Tanaidomorpha it is only
present on the left mandible, consisting of a plate with
terminal denticles or of a thorn-like structure; in genera
such as Metagathotanais it is completely reduced. Sieg
(1984) and Larsen and Wilson (2002) coded only the
presence of the lacinia mobilis on the right mandible. In
our analysis it is an important character to deﬁne
Metagathotanais and the outgroup.The shape of the pars molaris is also considered one
of the most important taxonomic characters, especially
at family level, and is used in many taxonomic keys
(Hansen 1913; Lang 1949, 1968; Sieg 1986; Larsen and
Wilson 2002). It can be broad and ﬂat, with terminal
spinules as in Chauliopleona and Paraleptognathia,
acute, or reduced as in the Agathotanaididae.
The maxillule is composed of a palp and an endite,
which can be double as in the Apseudomorpha or single
as in the Tanaidomorpha. This character is considered
as an outgroup-resolving character by Sieg (1984) and
Larsen and Wilson (2002) and also in our analysis. The
surface of the endite is covered by ﬁne setules, but some
species lack these setules. This character is utilized here
for the ﬁrst time. The palp of the maxillule has terminal
setae or ﬁlaments; the Tanaidomorpha have one or two
terminal ﬁlaments, the Apseudomorpha more than two.
The labium is composed of two lobes and a palp in the
Apseudomorpha; these lobes are fused in the Tanaido-
morpha and the palp is missing (Sieg 1984; Gutu and
Sieg 1999).
The maxilla of the Tanaidomorpha is reduced to a
smooth, triangular or oval structure, whereas in the
Apseudomorpha the maxilla has an endite and setae.
This is an outgroup-resolving character (Sieg 1984;
Larsen and Wilson 2002).
The maxilliped shows many useful characters. The
basis is fused into one entity in the Tanaidomorpha,
whereas in the Apseudomorpha the basis is free and in
some genera is held together by coupling hooks. This is
an outgroup-resolving character. The setation of the
basis and endites is also important, and is variable
within the genera (Larsen and Wilson 2002).
The presence of internal or external setae on the
second article of the maxilliped was found to be
informative in the present study. For future analysis,
the setation of the maxilliped as well as the setation of
the pereopods should be considered.
The cheliped is considered as one of the most
informative characters in tanaidacean systematics. The
cheliped of the Apseudomorpha has an exopod, which is
absent in the Tanaidomorpha (Sieg 1984). The attach-
ment of the cheliped is an important taxonomic
character and was used in every published phylogenetic
analysis (Sieg 1984; Larsen and Wilson 2002). The kind
of attachment provides information about the motility
of the cheliped. The last two character states, direct
attachment ventral of the cephalothorax and the basis
fused to the cephalothorax, are present in the Agatho-
tanaididae and in Portaratrum. The merus is fully
developed only in the Apseudomorpha, missing in the
Tanaidomorpha (Sieg 1984; Larsen and Wilson 2002).
The carpus in the genera Paraleptognathia and Chaulio-
pleona is enlarged and forms a carpal shield that covers
part of the chela in some species (Guerrero-Kommritz
2005). The ﬁxed ﬁnger of the chela carries many setae,
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tive in this study. The Apseudomorpha possess more
than three ventral setae, the Tanaidomorpha only one
or two.
The pereopods yield many characters, such as the
presence of coxae or the setation of each article. The
absence of coxae is frequently observed in the Tanaido-
morpha. The ﬁrst three pereopods in the Tanaidomor-
pha have similar shapes, differing only in setation.
Pereopods 4–6 also are rather uniform, and lack coxae
in some Tanaidomorpha genera.
Pereopod 1 exhibits many informative characters.
Apseudomorpha have a modiﬁed pereopod 1 that is
enlarged and adapted for digging or ﬁltering, has a
specialized dactylus with ventral spinules, and an
exopod (Lang 1968; Sieg 1984). In the Tanaidomorpha
pereopod 1 is smooth, slender and sharp. The setation of
the merus and carpus was used to deﬁne the Akantho-
phoreinae by Sieg (1986). Our results suggest that these
characters are informative, but insufﬁcient to deﬁne a
family. The propodus carries a high number of setae in
Apseudomorpha, only few in Tanaidomorpha.
The dactylus of pereopod 4 is considered important in
the taxonomy of the Apseudomorpha, and is helpful to
distinguish families like Gigantoapseudidae and Leviap-
seudinae (Gamo 1984; Kudinova-Pasternak 1978). We
coded three different states: the typical deep-sea
tanaidomorphan dactylus with a ventral groove bor-
dered by spinules, a simple and sharp dactylus, and a
dactylus with ventral spines.
The validity of the uropod as an informative character
has been doubted by Larsen and Wilson (1998). In some
species, the expression of this character varies greatly
during ontogeny. Although this may be so, the material
we investigated was all of similar stages, neuter or non-
ovigerous female, and within these restrictions the
character is informative. The uropod is composed of a
basal article, an exopod and an endopod. The basal
article can be simple or with a lateral projection as in
Araphura. The exopod can be fused to the basal article,
be absent, or free and composed of one to many articles
as well as the endopod.
The setation of pereopods 2–6 was found to be
uninformative at genus level.
The lifestyles, ecology, behaviour and anatomy of the
deep-sea species are almost completely unknown.
Cryptic lifestyles and cryptic species are further difﬁcul-
ties when obtaining character information about tanaid
species (Larsen 2001).
In the work of Larsen and Wilson (2002), 52
characters for 81 taxa were analysed. From these
characters, 24 were used to separate the outgroup taxa,
and 28 were important for the ingroup. Although their
results demonstrated the monophyly of some families,
21 genera remained incertae sedis, and the tree support
values were low.In our analysis, 12 characters are used to separate the
outgroup, six are uninformative, and 22 important for
the ingroup.Clades
Our tree clearly shows that the genera Paragathota-
nais and Paranarthrura build a monophylum closely
related to Metagathotanais. This result matches the
ﬁndings of Larsen and Wilson (2002). We therefore
agree to the reintegration of the family Agathotanaidi-
dae Lang, 1971.
However, the present analysis casts doubt on the
monophyly of the family Tanaellidae. In the analysis of
Larsen and Wilson (2002), the genera Araphura and
Tanaella formed a monophylum. The present study
shows a closer relationship between Collettea and
Tanaella than between Araphura and Tanaella. The
important character of cheliped attachment, in this case
via a sclerite including a groove around it, was not used
in any analysis before, and might be the reason for
results differing from earlier ones. This character state
separates Araphura, Chauliopleona and Paraleptognathia
from Tanaella and Collettea as well as from Portaratrum
and the Agathotanaididae.
Knowledge of the phylogenetic relationships of the
Colletteidae and Tanaellidae still is poor, as noted by
Larsen and Wilson (2002), and more data are needed to
deﬁne these two families more precisely.
The genus Portaratrum, previously considered a
member of the Colletteidae, is more closely related to
the Agathotanaididae than to Collettea, the type genus
of Colletteidae. We believe that Portaratrum does not
belong to the Agathotanaididae, but we cannot justify
the creation of a new taxon for this genus at the present
time, and thus have to treat it as incertae sedis.
The genera Chauliopleona and Paraleptognathia form
a monophylum. The close relationship between these
genera is demonstrated, but the bootstrap values are too
low to justify the establishment of a new family. In the
future, with the inclusion of more genera and species, we
may ﬁnd more characters to support this monophyly. At
the moment, we still have to consider these two genera
as incertae sedis.
The genera Chauliopleona, Paraleptognathia, Ara-
phura, Collettea, and Tanaella do not form a mono-
phyletic taxon but appear in different clades. Thus, we
have to abandon Sieg’s (1986) unsupported assumption
that these genera form a monophyletic subfamily,
‘Akanthophoreinae’.
The present attempt to better understand the phylo-
genetic relations of genera of uncertain placement was
not very successful. The results suggest the monophyly
of Chauliopleona+Paraleptognathia. The support values
for the branches of our tree are low. The low bootstrap
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informative characters in the data set. The inclusion of
more genera and further characters (e.g. from internal
anatomy, transmission electron microscopy, genetics or
behavioural studies) may help resolve the phylogeny and
systematic positions of Chauliopleona, Paraleptognathia
and Portaratrum.
Until more phylogenetic studies on tanaids can be
done, the general phylogeny and systematics proposed
by Larsen and Wilson (2002) must be accepted,
although some problems remain. The monophyly of
some genera is not clear, e.g. the case of Paraleptog-
nathia and Akanthophoreus which in the tree by Larsen
and Wilson (2002) were placed in different clades,
whereas Guerrero-Kommritz (2004) has demonstrated
that the two genus names are synonyms. Basic phylo-genetic analyses at genus or may be even species level are
essential to clarify the monophyly of the genera and
species of Tanaidacea.Acknowledgements
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A.1. Data matrix
See Fig. 2 for details.Taxa Characters1234567891 1234567892 1234567893 1234567894Glabroapseudes 1221111231 1112311121 2211131114 3132111111
Metagathotanais 2212211112 3311112212 1132112221 3221121233
Paragathotanais 2222111122 2321222212 3132112225 2221112232
Paranarthrura 2222111112 2321212212 2142111122 2221112231/2
Portaratrum 1211121112 2221212212 1132122221 2211211121
Collettea 1113112112 2111212212 4312111222 3221311122
Tanaella 1111111112 2111212211 4212121221 3221211232
Araphura 1111111112 2111212211 4222121222 2221212231
Chauliopleona 1111131112 2211212212 4222221221 2221211111
Paraleptognathia 1111111112 2211212211 1222221221 2221211111References
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